(19) 



o 



CM 
< 
lO 

o> 

00 
Csl 

cx> 
o 

Q. 

lU 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




D I 



(12) 



(11) EP 0 872 895 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 
21.10.1998 Bulletin 1998/43 


(51) intciA HOI L 29/78, H01L 29/786, 
H01 L 29/04, HOI L 27/088, 


(21) 


Application number: 98302765.7 




HOI L 27/12, HOI L 21/336 


(22) 


Date of filing: 08.04.1998 






(84) 


Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


(72) 


Inventor: Degawa, Toshihiko 
Yamatokoriyama-shI, Nara 639-1123 (JP) 




MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 


(74) 


Representative: Brown, Kenneth Richard et al 
R.G.C. Jenkins & Co. 
26 Caxton Street 


( (30) 


Priority: 14.04.1997 JP 96163/97 




London SW1H ORJ (GB) 


(71) 


Applicant: SHARP KABUSHIKI KAISHA 
Osaka-Shi Osaka 545 (JP) 







(54) Vertical insulated gate field-effect transistor, method of making the same and corresponding 
integrated circuit 



(57) A semiconductor device, which is character- 
ized in that a trench (1 2) is formed in a silicon substrate 
(11), an element isolation film (1) is formed on an inner 
surface of said trench (12), and a drain region (7), a 
channel region (8) and a source region (9) are arranged 
vertically in a region encircled by said element isolation 
film (1); and that a gate insulating film (2) is formed in- 
side of these regions (7, 8 and 9) and a gate electrode 
(4) is formed on an inner side portion of said gale insu- 
lating film (2), while a drain electrode (5) or source elec- 
trode (1 3) is formed on an outer side portion of said gate 
insulating film (2). 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to semiconductor device, and 
in particular, to a vertical MOS semiconductor device 
where the source, channel and drain thereof are per- 
pendicularly arranged on an SOI substrate. This inven- 
tion also relates to a method of manufacturing such a 
vertical MOS semiconductor device. 

As a semiconductor device for realizing an in- 
creased integration and an increased high speed per- 
formance, a MOS semiconductor device which is 
formed on an SOI (Semiconductor On Insulator) has 
been known. 

FIG. 6 shows a MOS semiconductor device of lat- 
eral structure wherein an element substrate (P-type Si) 
22 is superimposed via an SiOg insulating layer 21 on a 
supporting substrate 20 of P-type Si. A source 23. a 
channel 24 and a drain 25 are respectively formed in 
this element substrate 22, and a gate electrode 27 is 
formed over the channel 24 with a gate Insulating layer 
26 being interposed therebetween. 

FIG. 7 shows a semiconductor device of vertical 
structure which is disclosed in Japanese Patent Unex- 
amined Publication H/5-41521 and wherein a support- 
ing substrate 29 is superimposed on an element sub- 
strate 29 in which a drain 30, a channel 31 and a source 
32 are arranged vertically, i.e. in a direction perpendic- 
ular to the element substrate 29. A gate electrode 34 is 
arranged beside these regions 30. 31 and 32 with a gate 
insulating layer 33 being interposed therebetween. The 
gate electrode 34, the drain 30. the channel 31 and the 
source 32 are electrically isolated by an insulating layer 
35 formed around them. In this FIG. 7, reference numer- 
al 36 denotes a source wiring, while 37 denotes a gate 
wiring and 38 denotes a drain wiring. 

The SOI structure shown in FIG. 6 is advantageous 
in the respect of achieving an increased high-speed of 
performance, since the electric field in the inversion lay- 
er is weakened in the direction perpendicular to the sur- 
face of substrate, thereby making it possible to enhance 
the mobility of carriers. However, since the source 23, 
channel 24 and drain 25 are arranged laterally in this 
MOS structure, it Is accompanied with a problem that 
the integration degree of elements would be limited. 

In the case of the conventional semiconductor de- 
vice of vertical structure shown in FIG. 7. there are also 
problems that, since the element substrate 29 is de- 
signed to be superimposed on the supporting substrate 
28, the manufacturing process thereof becomes com- 
plicated thus increasing the manufacturing cost, and at 
the same time, a parasitic bipolar transistor of P-N-P 
constituted by the element substrate (P) 29. the support- 
ing substrate (P) 28 and the drain wiring (N) 38 is caused 
to be formed, in addition to the essential MOS transistor 
constituted by the source (N) 32. the channel (P) 31 and 
the drain (N) 30. thus destabilizing the performance of 
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the resultant semiconductor device. 
BRIEF SUMMARY OF THE INVENTION 

5 Accordingly, an object of the present invention is to 
provide a vertical semiconductor device, which makes 
it possible to enhance the integration degree, to simplify 
the manufacturing method thereof, and to obtain a sta- 
bilized performance. 

10 Another object of the present Invention is to provide 
a method of manufacturing such a vertical semiconduc- 
tor devk:e. 

With a view to achieve the above objects^ the 
present invention provides a semiconductor device. 

IS which is characterized in that a drain region, a channel 
region and a source region are vertically formed in a re- 
gion of a silicon substrate which is encircled by an ele- 
ment Isolation film formed one upon another vertically 
in the silicon substrate; that a drain (or source) electrode 

20 and a gale electrode are lead out from said drain (or 
source) region to a surface of said silicon substrate, and 
that said gate electrode is electrically Isolated by a gate- 
Insulating film, while said drain (or source) electrode is 
electrically isolated by an insulating film. 

25 Furthermore, as a specific embodiment of the afore- 
mentioned semiconductor device, the semiconductor 
device is characterized In that the drain electrode, gate 
electrode and source electrode are arranged such that 
one of the electrodes is disposed at a center and sur- 

30 rounded dually by the remaining two electrodes. In this 
embodiment, it is also possible to form element isolation 
films each radially extending from the electrode dis- 
posed at the center to the outermost electrode so as to 
form a plurality of Uansistors each partitioned by said 

35 element isolation films. 

The method of manufacturing the aforementioned 
semiconductor device according to the present inven- 
tion is characterized in that said method comprises: 
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a first step wherein a trench is formed in a silicon 
substrate, and then an element isolation film is 
formed on an inner surface of said trench; 
a second step wherein a drain region, a channel re- 
gion and a source region are formed so as to be 
arranged vertically in a region encircled by said el- 
ement isolation film; 

a third step wherein a trench is formed vertically 
penetrating into a drain region, a channel region 
and a source region, and then a gate insulating film 
is formed on an inner surface of said trench; 
a fourth step wherein a gate electrode Is formed on 
an inner side portion of said gate Insulating film, 
while a drain electrode (or source electrode) is 
formed on an outer side portion of said gate insu- 
lating film; and 

a fifth step wherein an interlayer insulating film is 
formed between said gate electrode and said drain 
electrode (or source electrode). 



2 



EP 0 872 895 A2 



Further, as a specific embodiment of the aforemen- 
tioned method of manufacturing semiconductor device, 
the method is characterized in that the second step com- 
prises the steps of: 

forming a drain (or source) region by etching said 
region encircled by the element isolation film at first 
and then by implanting an impurity in the etched re- 
gion; 

forming a channel region by depositing a non- 
doped polysilicon in said drain (or source) region at 
first and then by implanting an impurity in said non- 
doped polysilicon; and 

forming a source (or drain) region by depositing a 
non-doped polysilicon in said channel region at first 
and then by implanting an impurity In said non- 
doped polysilicon. 

Furthermore, as another specific embodiment of 
the aforementioned method, the second step may be 
performed by a process of ion-impfantation to be effect- 
ed from the top of a region of the silicon substrate which 
IS encircled by said element isolation film, thereby form- 
ing said drain region, said channel region and said 
source region. 

Additionally, as another specific embodiment of the 
aforementioned method, the fourth step may be per- 
formed by the steps of; 
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depositing a polysilicon film on the inner side of gate 
insulating film; and 

performing a doping of said polysilicon film and of 
a portion of the silicon substrate which is disposed 
next to said polysilicon film, thereby forming said 
gate electrode and drain (or source) electrode. 

According to the semiconductor device constructed 
as mentioned above, since the drain region, channel re- 
gion and source region are vertically disposed on a sil- 
icon substrate, the integration degree of elements can 
be increased, and at the same time, the generation of 
parasitic bipolar can be prevented, thus making it pos- 
sible to realize a stabilized performance. 

According to the method of manufacturing a semi- 
conductor device mentioned above, it is possible to ob- 
tain a semiconductor device which is high In Integration 
density and stable in performance by a simple process 
comprising the steps of; forming an element isolation 
film in a silicon substrate thereby to form a region encir- 
cled by the element isolation film; performing an lon-im- 
plantat.on of the region encircled by the element isola- 
tion film so as to form a drain region, a channel region 
and a source region or performing an impurity implan- 
tation of the region encircled by the element isolation 
film after a non-doped polysilicon is deposited on the 
region so as to form a channel regidn and source region 
(or dram region); forming a trench vertically penetrating 
into a drain region, a channel region and a source re- 
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gion; and forming a gate insulating film on an inner sur- 
face of the trench. ^ 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
5 THE DRAWING 



FIG 1 is a cross-sectional view schematically illus- 
trating the structure of semiconductor device ac- 
cording to a first embodiment of the present inven- 
tion; 

FIGS. 2A to 2J are cross-sectional vieyvs illustrating 
a manufacturing process of the semiconductor de- 
vice according to a first embodiment of the present 
invention; 

FIG. 3 is a cross-sectional view schematically illus- 
trating the structure of semiconductor device ac- 
cording to a second embodiment of the present in- 
vention; 

FIGS. 4A and 4B show a plan view and a cross- 
sectional view taken along the line A-A of FIG. 4A, 
respectively illustrating the semiconductor device 
according to a third embodiment of the present in- 
vention cross-sectional views; 
FIG. 5 is a plan view showing the structure of sem- 
iconductor device according to a fourth embodi- 
ment of the present invention; 
FIG. 6 is a cross-sectional view of a lateral semi- 
conductor device of the prior art; and 
FIG. 7 is a cross-sectional view of a vertical semi- 
conductor device of the prior art. 



DETAILED DESCRIPTION OF THE INVENTION 

This invention will be further explained in detail with 
35 reference to the following preferred embodiments. 

FIG. 1 shows a cross-sectional view of semiconduc- 
tor device according to a first embodiment of the present 
invention. 

Referring to FIG. 1, a peripheral element isolation 
fiim i isverticallyfonmedinasiliconsubstratell.Adrain 
region 6, a channel region 7 and a source region 8 are 
successively formed one upon another In the mentioned 
order in a region encircled by the element isolation film 
1. A dram electrode 5 and a gate electrode 4 are lead 
^5 out from the drain region 6 to the surface of the silicon 
substrate 1 1 . An interlayer insulating film 3 is formed be- 
tween the drain electrode 5 and the gate electrode 4 A 
source insulating film 9 is formed between the gate elec- 
trode 4 and the source region 8. A gate insulating film 2 
is formed between the gate electrode 4 and the drain 
region 6 as well as between the gate electrode 4 and 
the channel region 7. Lead-out electrodes 401 . 501 and 
801 are formed on the gate electrode 4. drain electrode 
5 and source region 8. respectively (FIG. 2J). A protec- 
55 tive film 1 0 is formed covering all over the surface of the 
device. As a result, a vertical operation transistor having 
a vertical P-N-P structure is formed between the ele- 
ment isolation films 1 . 
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A process of manufacturing this semiconductor de- 
vice according to a first embodiment of this invention will 
be explained with reference to FIGS. 2A to 2J. 

Referring to FIG. 2A, first of all, a square trench 12 
is formed in the substrate 11 by means of anisotropic s 
etching such as RIE. This trench 12 may be dimen- 
sioned such that 1 nm in width and 3 jxm in depth for 
instance. 

In the step shown in FIG. 2B, an oxide film (Si02 
film) is filled in the trench 1 2 thereby to form the element io 
isolation film 1 . 

In the step shown in FIG. 2C, a portion of the silicon 
substrate 11 which is encircled by the element isolation 
film 1 is etched by means of photolithographic technol- 
ogy, i. e. a plasma etcher to a depth of 1 .6 pm. The region is 
thus etched Is then subjected to an ion-implantation us- 
ing a P-lype impurity such as boron thereby to form the 
drain region 6. 

In the step shown in FIG. 2D, a non-doped polysil- 
icon is deposited all over the surface by means of a low 20 
pressure CDV method (LPCVD method), and then the 
resultant non-doped poly silicon layer is etched back so 
as to leave a non-doped polysilicon layer 0.6 pm in thick- 
ness only on the surface of the drain region 6. Then, an 
ion- implantation (an N-type impurity such as phospho- 2S 
rus) is selectively performed, by making use of pattern- 
ing, on a region of the polysilicon layer excluding a re- 
gion 5a (at least 0.5 ^m in width) where the drain elec- 
trode 5 is to be formed, thereby forming the channel re- 
gion 7 (600 angstroms). 30 

In the step shown in FIG. 2E. a non-doped polysil- 
icon is deposited all over the surface by means of a low 
pressure CDV method, and then the resultant non- 
doped polysilicon layer is etched back so as to leave a 
non -doped polysilicon layer 1 ^im in thickness only on 35 
the surface of the channel region 7. Then, an ion-im- 
plantation (a P-type impurity such as boron) is selective- 
ly performed, by making use of patterning, on a region 
of the polysilicon layer excluding a region 5b (at least 
0.5 pm in width) where the drain electrode 5 Is to be 40 
formed, thereby forming the source region 8. 

In the step shown in FIG. 2F, a patterned region 
formed on the source layer 8 and overlapping slightly 
with the regions 5a and 5b where the drain electrode 5 
is to be formed Is selectively etched to a depth (1 .9 pm) 45 
reaching the drain region 6 by making use of an aniso- 
tropic etching such as RIE, thereby forming a trench 14 
having a width of 0.47 pm. 

In the step shown in FIG. 2G, a gate oxide film 2 
(Si02 film: ^00 angstroms) is formed on the inner wall so 
of the trench 14 which has been formed in the step of 
FIG. 2F. Then, the space in the trench 14 Is buried with 
polysilicon to be turned into a gate electrode by means 
of a low pressure CDV method, and the polysilicon thus 
buried is subjected to an N+ doping, thereby fonming the ss 
gate electrode 4. In simultaneous with this doping of 
gate electrode, the non-doped polysilicon of the drain 
regions 5a and 5b is also subjected to an doping. 



thereby forming the drain electrode 5. 

In the step shown in FIG. 2H, by making use of an 
anisotropic etching such as RIE, a trench having a depth 
of 1 .9 pm and a width of 0.2 pm is formed between the 
gate electrode 4 and the drain electrode 5, and another 
trench having a depth of 1 pm and a width of 0.2 pm is 
formed between the gate electrode 4 and the source 
electrode 8. Subsequently, an oxide film (a thermal ox- 
ide film or an oxide film by means of CVD) is formed on 
the inner walls of these trenches, thereby forming the 
interlayer insulating film Sand the source insulating film 

In the step shown in FIG. 21, an Al-Si is deposited 
all over the upper surface of the device by means of 
sputtering and then patterned thereby to form lead-out- 
electrodes 401, 501 and 801 connected with the gate 
electrode 4, drain electrode 5 and source region 8, re- 
spectively. 

In the step shown in FIG. 2J, a protective layer 10 
is deposited all over the upper surface of the device, 
thus accomplishing a MOS transistor having a vertical 
P-N-P structure as shown in FIG. 1 . By the way, the spe- 
cific dimensions described in the above example are on- 
ly an example, and therefore, the present invention 
should not be construed as being limited by these spe- 
cific dimensions. 

In the aforementioned process, the drain region 6. 
the channel 7 and the source region 8 may be f crimed 
by making use of only the ion-implantatbn. In that case, 
the ion -implantation can be performed directly on the sil-'p 
icon substrate 1 2 to a desired depth in the step shown 
in FIG. 2G without performing the etching after the step 
of photolithography. If the drain region 6. the channel 7 
and the source region 8 are formed in this manner, the 
step of etching as well as the step of depositing polysil- 
icon can be dispensed with, thus making it possible to 
simplify the manufacturing process. JL 

The aforementkxied drain region 6 and source re- 
gion 8 may be reversed in arrangement as shown in FIG. 
3 illustrating a second embodiment of the present inven- 
tion. Namely, in the structure shown in FIG. 3, the drain 
region 6 and the source region 8 shown in FIG. 1 are 
exchanged with each other, so that the drain region 6 is 
disposed at an upper portion and the source region 8 is 
disposed at a lower portion, thus forming an N-P-N type 
transistor. By the way, the drain electrode 5 of the afore- 
mentioned first example is also substituted by a source 
electrode 13 in this second embodiment. 

FIGS. 4 A and 4B show a semiconductor device ac- 
cording to a third embodiment of the present invention. 
In this third embodiment, the element isolation film 1 is 
ellipttcally formed, and each element is formed within 
this elliptical region encircled by the element isolation 
film 1 . 

As shown in FIGS. 4A and 4B, an element isolation 
film la is disposed at the center, around of which the gate 
electrode 4 is formed. The gate electrode 4 is surround- 
ed by source insulating film 9 and then by the source 
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region 8, around of which the drain electrode 5 consti- 
tuling an outermost region is formed with Ihe interlayer 
insulating film 3 being interposed therebetween. Name- 
ly, the drain electrode 5 is disposed along the inner wall 
of the element isolation film 1 . According to this third 
embodiment, the thickness of the interlayer insulating 
film 3 can be made thinner, so that the resultant semi- 
conductor chip can be further miniaturized and at the 
same time, an electrical interference between the drain 
and gate can be eliminated, thus making it possible to 
stabilize the performance of semiconductor device. 

It is also possible to reverse the arrangement of 
source region 8 and drain region 6 (i.e , the drain elec- 
trode is substituted by the source electrode) In this third 
embodiment. It Is also possible to reverse the arrange- 
ment of the drain electrode 5 and the gate electrode 4. 
Furthermore, the source electrode 13 (see FIG. 3) may 
be disposed at the center, and the gate electrode 4 and 
the drain electrode 5 are disposed to surround the 
source electrode 1 3. In other words, there Is no limitation 
regarding the arrangement of these electrodes. 

Since the transistor is formed around the electrode 
disposed at the center in this third embodiment, the cen- 
tral element Isolation film 1a can be omitted. 

FIG. 5 shows a semiconductor device according to 
a fourth embodiment of the present invention. 

The semiconductor device according to a fourth 
embodiment Is similar to that shown in FIGS. 4A and 4B 
except that element Isolation films 15. each radially ex- 
tending from the electrode disposed at the center (the 
gate electrode 4 in this illustrated embodiment) to the 
inner wall of the peripheral element isolation film 1 , are 
formed so as to partition the semiconductor device into 
a plurality of transistors 16 each partitioned by the ele- 
ment isolation films 1 5. 

According to this fourth embodiment, it is possible 
to form a plurality of transistors in a single semiconduc- 
tor device of vertical structure. At the same time, a plu- 
rality of transistors can be driven simultaneously with a 
single central gate electrode 4 (or drain electrode or 
^ source electrode). 

In the third and fourth embodiments, the semicon- 
ductor devices are exemplified as having an elliptical 
structure in plan view. However, the present invention is 
not limited to the elliptical structure, but the shape of the 
device may be optionally selected, e.g. it may be circular 
or polygonal. 

In the foregoing explanation, the present Invention 
has been explained with reference to some embodi- 
ments. However, the present invention should not be 
construed to be limited to these embodiments, but may 
be variously modified within the spirit of the present in- 
vention claimed in the claims. 

As explained above, it is possible according to the 
semiconductor device to realize a vertical transistor 
where a drain region, a channel region and a source re- 
gion are vertically arranged in high integration degree 
on a silicon substrate constituting an SOI substrate. Fur- 



thermore, since all of the elements can be arranged on 
a single SOI substrate, the generation of parasitic bipo- 
lar can be prevented, thus making It possible to stabilize 
the performance of the device. 

5 According to the method of manufacturing a semi- 
conductor device mentioned above, a trench is formed 
In a silicon substrate constituting an SOI substrate at 
first, and then an element Isolation film Is formed on the 
inner wall of the trench, after which a drain region, a 
channel region and a source region are formed In a re- 
gion encircled by the element isolation film by making 
use of ion-implantation or by making use of a process 
connprlsing the steps of depositing a non-doped polysil- 
Icon and implanting an impurity Therefore, the conven- 

'5 tional step of superimposing an element substrate on a 
supporting substrate can be dispensed with, thus mak- 
ing it possible to obtain a semiconductor device which 
is high In integration density and stable In performance 
by a simple process. 

20 

Claims 
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1. A semiconductor device, which is characterized in 
that a drain region, a channel region and a source 
region are vertically formed in a region of a silicon 
substrate which is encircles by an element isolation 
film formed vertically in the silicon substrate; that a 
drain (or source) electrode and a gate electrode are 

30 lead out from said drain (or source) region to a sur- 
face of said silicon substrate; and that said gate 
electrode is electrically isolated by a gate-insulating 
film, while said drain (or source) electrode Is elec- 
trically isolated by an Interlayer insulating film. 

3S 

2. The semiconductor device according to claim 1, 
wherein the drain electrode, channel electrode and 
source electrode are arranged such that one of the 
electrodes is disposed at a center and surrounded 
by another electrode. 

3. The semiconductor device according to claim 2. 
which further comprises element isolation films, 
each radially extending from the electrode disposed 

45 at the center to the outer electrode so as to form a 
plurality of transistors each partitioned by said ele- 
ment isolation filnris. 



so 



ss 



A method of manufacturing a semiconductor de- 
vice, which is characterized in that said method 
comprises: 

a first step wherein a trench is formed in a sili- 
con substrate, and then an element isolation 
film is formed on an inner surface of said trench; 
a second step wherein a drain region, a channel 
region and a source region are formed so to be 
arranged vertically in a region encircled by said 
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element isolation film; 

a third step wherein a trench is formed vertically 
penetrating into a drain region, a channel re- 
gion and a source region, and then a gate In- 
sulating film is formed on an inner surface of s 
said trench; 

a fourth step wherein a gate electrode is formed 
on an inner side portion of said gate insulating 
film, while a drain electrode (or source elec- 
trode) is formed on an outer side portion of said io 
gate insulating film; and 
a fifth step wherein an interlayer insulating film 
is formed between said gate electrode and said 
drain electrode (or source electrode). 

IS 

5. The method according to claim 4, wherein said sec- 
ond step comprises the steps of: 

forming a drain (or source) region by etching 
said region encircled by the element Isolation 20 
film at first and then by Implanting an Impurity 
in the etched region; 

forming a channel region by depositing a non- 
doped polysilicon in said drain (or source) re- 
gion at first and then by implanting an impurity 
in said non-doped polysilicon; and 
forming a source (or drain) region by depositing 
a non-doped polysilicon in said channel region 
at first and then by Implanting an impurity in 
said non-doped polysilicon. 30 

6. The method according to claim 4. wherein said sec- 
ond step is performed by a process of ion-implan- 
tation to be effected from the top of a region of the 
silicon substrate which is encircled by said element 3S 
isolation film, thereby forming said drain region, 
said channel region and said source region. 

7. The method according to claim 4. wherein said 
fourth step is performed by the steps of; 40 

depositing a polysilicon on the inner side por- 
tion of said gate Insulating film; and 
performing a doping of said polysilicon and of 
a portion of the silicon substrate which is dis- 4S 
posed next to said polysilicon, thereby forming 
said gate electrode and drain (or source) elec- 
trode. 

8. A semiconductor device comprising so 

a semiconductor substrate; 

a drain region, a channel region and a source 

region arranged one above another as a stack 

in a device region of said substrate surrounded ss 

by an element isolation film, with the channel 

region between the source and drain regions, 

and one of said source and drain regions low- 
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ermost; 

a drain (or source) electrode and a gate elec- 
trode extending, respectively, from the levels of 
said lowermost region and said channel region 
toward the surface of the substrate^ said drain 
(or source) and gate electrodes being electri- 
cally isolated from each other by an interlayer 
Insulating film. 
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FIG. 3 
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(57) An insulatecd gate field-effect transistor having 
a trench (12) formed In a silicon substrate (11). an ele- 
ment isolation film (1 ) formed on an inner surface of said 
trench (12), a drain region (6), a channel region (7) and 
a source region (8) arranged vertically in a region encir- 
cled by said element isolation film (1), a gate insulating 
film (2) formed Inside of these regions (6,7,8) and a gate 
electrode (4) formed on an inner side portion of said gate 
insulating film (2). while a drain electrode (5) or source 
electrode (1 3) Is formed opposite said gate Insulating 
film (2). The trench (12) can have a square shape or an 
elliptic shape. An integrated circuit comprising a plurality 
of said transistors can be formed by forming isolation 
films ( 1 5) extending radially from the center of the trench 
(12) to the element isolation film (1). 
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